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(54) Title: PEPTIDE PRODUCTION 



(57) Abstract ' 

t 

A method of producing a substance comprising a peptide, involves incorporating a DNA sequence coding for the ; 
peptide into a gene of a mammal (such as a sheep) coding for a milk whey protein in such a way that the DNA sequence ts ! 
expressed in the mammary gland of the adult female mammal. The substance may be an (optionallv modified) protein ! 
sucn as a blood coagulation factor. The DNA sequence is preferably inserted into the first exon of a gene coding for a \ 
-ney protein such a* beta-lactoglobulin. The substance will generally be recovered from milk of the femaje mammJ but . 
-a-. :or example it it is an enzyme) be used in situ. j i 
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This invention relates to 

•ubstanc. comprising a poly! * T""" °' prod » ei »» a 
5 the invention /; ly /; Ptlde - «°« Particularly, 

Production of biological „,/ *" , prod »«i»<> and to the 
catalysed by enzymic prot .i n . " h °" f °™«ion is 

Recombinant DMA technology h a, h. 
10 over the past W »« been used increasingly 

-Portent bioiogicai ^^1! °' 

sequences encoding . varietv ' / end ' th « D "A 

human proteins have been I, J""" 11 '' ^-Portent 

Plasminogen activator .loh """^ iOClUd « 
1 5 =c.gul»tion factors VIH and » . 1 """^ and 
the emergent reccmbin.nt DNA tec's*' Pr " ent ' eV « 
•» ».«U, purified frl h] " r «^ns 
expensive and time consuming ""»«' an 

= h ° »** =f transmit n™ ^/""" " hie > «* «rry 
0 those causing AIDS and " B " t * «• 

"though £ne express 

P«au=, the desired medicallv " ""«•«• « 

an attractive ■^po.^ 1 ^"' 0 ""' ""^ ^ 

: ttn -»ti,facto' " r ctice " e 

•»«.«.! cell forei9n " h «ts because in th . 

-t Processed =or«cti;. " S — "e and are 

* tnis problem fK. 

»«« in mammalian tissue' c " "T^'" °' el °— 
has in some ta CU1 -; has been attempted 

"-ever batch ferment,".^ '. "-tegy. 
"Pensive end technically d^lg^es" 1 " " " 
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There is therefore a need for a high yield, low cost 
process for the production of biological substances 
such as correctly modified eukaryotic polypeptides. 

< Z\ A r ° f a?entS that infecti °« to humans 

5 would be an advantage in such a process. 

According to a first aspect of the present invention, 
there is provided a method Qf producing & 

comprising a polypeptide, the method comprising 
10 incorporating a DNA sequence coding for the polypeptide 
into a gene of a mammal coding for a milk whey protein 
in such a way that the DNA sequence is expressed in the' 
mammary gland of the adult female mammal. The substance 
will generally be recovered from mil* of the adult 
female mammal, either before or preferably after post- 
translational modification. 

As used in this specification, the tern, "polypeotide" 
refers to a molecule comprising a chain of amino acids, 
whether sufficiently long or not to be properly classed 
« • Protein. The polypeptide is oreferably 
sufficiently long to be a P rotein. The '"s^tan J 
comprise a polypeptide" may be the polypeotide 
i.self or it may be a modified (for examole, 
25 glycosylated) polypeptide. Alters veW a - <n 
addition, the substance can be cross i^ed", oy 
translational modification of a polypeptide. 



15 



20 



30 



The present invention may be used to produce, -or 
example, peptide hormones, blood coagulation factors 
particularly factors vxn and IX) or subunits of them 
(particularly factors vni and IX,, blood proteins (for 
example beta-globin, and serum proteins (for example 
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alpha, -antitrypsin) proteins f ar * * 

natural or altered mil* p V otein f /° dStUffs ' deluding 

enzymes. Proteins of the host mammal, or 

5 Enzymes produced by the „^ 

* •« on their substr . P t . s " inVen " TO *• «bl. 

S-land, and ,o it can be seen thlTI^ *" ■""« * 

encompasses a Mthod „ £ „ . the P re «« invention 

reaction prodU c t TT * ^""^ is 

'° CO " Pri " n ' --^ratin, a OKA ser^' m " h ° d 
e-y,. ioto . gen . q( a .a^V^" ^ U » 

P " tein *» «* « wa y tnat tt 'a, " ^ 



25 



30 



-P-ssed in the mammary ° NA -auence is 

"ammal, whereafter it catal adUlt female 

5 reaction product from one f0rmation <* the 

e "yme. The reaction °* more substrates of the 

ge nerally be 
Uiw female mammal. 

^ DNA Segu e„ ce coding for th . 
) sequence of interest", L . P6Ptide ( " the OSA 
Zitro into a . " Preferably incorporated in 

expressible in th . Protein gene which 

in the mammary e'an* * ~ s 
«*™al to form a f usi on I " adult female 

incorporated into e ^ is 

fertil i2ed egg of the germline by injection iato , 

— ed ^ o ;.^~; rr er the in5 — : 

female mammal. It is to * t0 deVelo P ^o an adult 
injected eggs wiU , "T"? ^ W * U 

messing the Dna sequence"' ^ femal - 

a ^-hing else approxiJateTy ^ ^ ^ *™ 

mal6 ' fr ° m «^h females can be ^ * 
generations. bred ln the following 
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The relevant techniques whereby foreign DNA sequences 
can be introduced into the mammalian germ line have 
been developed in the mouse. At present the most 
efficient route entails the direct microinjection of a 
5 few hundred linear molecules of DNA into a pro- nucleus 
of a fertilized one cell egg, and this is the method of 
preference in the present invention. Microinjected 
eggs may then subsequently be transferred into the 
oviducts of pseudopregnant foster mothers and allowed 
10 to develop. It has been reported by Brinster et al in 
Proc Natl Acad Sci 82 (1985) 4438-4442 that about 25% 
of the mice that develop inherit one or more copies of 
the microinjected DNA. From a commercial point' of 
view, it is clearly preferable to use as the host 
15 mammal in the present invention a species that is 
likely to have a larger milk yield. For this reason, 
domestic livestock animals such as sheep, pigs and 
cattle are preferred, as will be discussed in more 
detail below. 

20 

Working with large domestic animals requires a 
considerable investment, particularly in the number of 
animals required and their cost. While it is normal to 
obtain up to 30 eggs per superovulated mouse, a ewe 

25 gives only three to five. a further problem 
encountered with farm animals is that the eggs are 
opaque due to the presence of numerous vesicles, and 
this makes the identification and successful injection 
of pronuclei more difficult. Nevertheless, micro- 

30 injection of DNA into eggs of rabbits, sheep and pigs 
has been reported by Hammer et al, Nature 31 5 (1985 ) 
680-683, who inserted a metallothionein-growth hormone 
fusion gene into the germ line of all three mammals. 
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In the pig, 2,035 eggs were injected and transferred- 
192 piglets were born, of which 20 carried the fusion 
gene. The results were not so encouraging in sheep; 
1 ,032 eggs were injected and transferred, but 73 lambs 
were born of which only one contained the foreign DNA 
sequence. 



Once integrated into the germ line, tne £or . ign DNA 
be expr.ssed in th. tissue of choice at high levels to 
produce a function,! protein which can readily be 
harvested from th. animal. To accomplish this, the DNA 
secuence coding for the peptide of interest »U 

will mediate its expression in a suitabl. tissu.. 
Although some initial experiments in mice show that 

so 1 .. 5 ?/"""" eXpr "" on «" inserted DNA to be 
somewhat variable (for .*«,n„i. T 

(1983) „, «"«Pl«. Lacev et al. Cell 3, 

('983, 343-356,, the general concensus now iTThaT 
correct tissu. specific expression of most transfec-.d 

T^TJT "jII ,an 9ri "" *i Wat "" 315 

0985, 338-340. Tor correct tissue specific!^ ~ 

does appear to be important to remove all -he" 
25 P--o,arvote vector se,u.nces, which are used in £ 
cloning o, DNA sequence of interest. p r , 0 - to 

: 6 3 c ;:;:::;" on (Krumiau£ « * *^ *u «^ * .;.«> 

30 While these publicafinn= ^ ■ 

publications do indicate that certain 
different tissues can be t. < - ... _ 



20 



of a ^ t3r9eted in the construction 

e is no suggestion of the 



transgenic animal, the~i 
<«irabilitv of an, particuiar " ti^uV'f oT^™ 
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15 



production of polypeptide-containing substances. 
Neither do they suggest any particular gene which is 
expressed in a given tissue and which would serve to 
target the expression of the inserted DNA. 

A number of factors must be taken into consideration 
with regard to the substance comprising the peptide and 
the tissue to which its expression is to be directed. 
Many proteins require extensive post-trans lational 
modification in order to exhibit full biological 
activity. For example, factor IX requires gamma- 
carboxylation of a specific subset of glutamic acid 
residues for biological activity (De Scipio and Davie, 
Biochemistrv 18 899-904 (1979)). Liver, which is the 
site of natural synthesis of factor IX, is proficient 
in performing this modification. Fibroblasts are 
capable of carrying out gamma carboxylation of factor 
IX, although less efficiently: de la Salle et al Nature 
316 268-270 (1985). However, certain proteins may be 
correctly modified only if synthesised in a specific 
tissue and, in some cases, it may be necessary to 
tailor the site of expression to the requirements of 
the proteins produced. It is believed that the use of 
the mammary gland as a tissue for expression overcomes, 
25 either wholly or to a satisfactory degree, this 
potential source of difficulty. 

Harvesting from body fluids as opposed to solid tissue 
is desirable, because such routes are by and large 
30 renewable, and most proteins of biomedical importance 
are themselves secreted into body fluids. Secretion 
into the bloodstream is a possible route, either from 
liver or B lymphocytes, but the coagulant properties of 
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blood end the presence of biologically active peptides 
and antigenic molecules may prove a hindrance fco 
subsequent downstream processing. 

The above difficulties may be overcome i„ accordance 

7lL Pr T nt inVenti ° n ^ ^ USe ° f the 

Lll ♦ / " ° f eXpreSSi °- Milfc is readily 

collected, available in l ar g e quantities and well 

characterized biochemically Turth.r ^ 

nrnffl . ^j.j.y. Further, the major milk 

proteins are present in milk at h,-„ h 

/«» w hl(?n concentrations 

(from about 1 to 15 g/i) 5 



There are four specie, of common to animal in 

countries of the world: oios ^ 

P1 ' s ' !»•", sheep and cattle, 

£UU. the genus Ovis and the genus Bos. Domesticated 
cattle are generally of the species Taurus . 

"hile the present invention is not in its broadest 

-«uly of mammals. pigs, goats, sheep and cattle are 
Preferred. Each has advantages and disadvantages " 
the context of the present invention. Some of "ese 
ons.de ticns stem from the fact that, according to 
25 P-e.err.d aspect of the present invention, the DNA 
secuence coding for the polypeptide is incorporated Tn 

i^* 8 * Whey Pr ° tein »«». which Is express ibie 7n 

-ne mammary gland of an adult female mammal to form a 

: e--°" 'r "V he £USi ° n " a 

30 , the mammal - » h «-«f--« --•>. in 3 .«. d 

-emale mammal. L 
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Although the high milk yield obtained from cattle is a 
factor tending to suggest that the use of cattle would 
be preferred, the technical difficulties in 
manipulating the bovine embryo are greater than in the 
5 case of sheep, for example. Furthermore, the sheer 
cost of experiments involving cattle mean that the 
other three preferred species of domestic farm animals 
are the ones of choice. 



1 0 



Table 1 below shows how pigs, sheep and cattle compare 
with each other for the purposes of use in the present 



invention. 
TABLE 1 



15 Comparison of Different Livestock for Embryo 
Manipulation and Milk Production. 



25 



30 





PIG 


SHEEP 


CATTLE . 


Possibility of controlling 
time of folliciie maturation 


Yes 


(Yes) 


(No) 


No, of oocytes per animal; 
no superovulation 


10 


1 to 3 


1 


No. of oocytes per animal; 
superovulated 


15 to 20 


4 to 10 


possibly 
6 


Visualisation of pronuclei 


(Yes) 


(Yes) 


(No) 


Seasonal breeding 


No 


Yes 


• No 


Relative cost per embryo 
transfer, including nominal 
cost of animals, per embryo 


1 .0 


1 .8 


110 


Milk yield, litres/day at 
peak production 


n.a. 


1 to 3* 


5 to 30* 



" Depending on breed, n.a. = data not available 
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The significance of the visualisability of the 
pronuclei is that it is a preferred feature of the 
present invention to inject the fusion gene containing 
the DMA sequence coding for the peptide into the 
5 pronucleus of the fertilised egg. 

Milk yield data for pigs are not not readily available, 
but m sheep, the rate of milk production falls within 
the range of from 1 to 3 litres per day, depending on 
10 the breed. It is of note that specialized equipment 
for harvesting milk from sheep is available from 
commercial suppliers, as of course it is for cattle 
Sheep are therefore the animals of choice, in 
particular dairy sheep such as East Frieslands. A 
15 strain obtained by crossing a suitable high milk 
producing line within Blackface sheep is seen as a 
viable alternative. 

The lactating mammary gland is a highly specialized 
20 °rgan comprising an extensive sytem of ducts that drain 
complex lobules of secretory cells. Mammarv cells a-e 
adapted in many ways to high rates of secretion. For 
-ample, they have specialized transport mechanisms 
.ha ensure the efficient uptake of precursors from the 

25 blood, and an extensive system a ~ - 1 

^branes (rou , h endoplasmic :etiz ,.~ ^~ ^£ 
etc) that enable high rates of protein -.v— .... . „„„ 
.ranslational modification and export from the cell. 

30 The mammary gland is dependent - -rmones all 
aspects of its growth and function. Review a— -i e s on 
the mammary gland include those by Topper and Freeman, 
^vsiol Rev 60 1 049-1 106 (1 980) and Forsvth in -he 
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Bo.ach.emis try of Lactation", Mepham (Ed), Elsevier 
(13«2) 309-349. The hormones affecting the mammary 
gland mediate the striking changes that occur in the 

gland during pregnancy and lactation. In the ewe, for 
5 example, this leads to a near-doubling in total cell 

number as well as to changes in the proportions of the 

various cell types and to the terminal differentiation 

of the secretory cells. 

10 The mammary gland secretes a number of different 
proteins into the milJc. There are qualitative and 
quantitative differences in the composition of milJc 
from different species, although a general distinction 
can be made between the caseins and the soluble (whey) 

15 proteins (see Jenness in "Developments in Dairy 
Chemistry, I", Fox (Ed) Elsevier (1982) 87-109). The 
major ruminant whey proteins that are synthesised in 
the mammary gland are alpha-lactalbumin and beta- 
lactoglobulin. 

20 

There .are three major types of casein. These are 
alpha-casein, beta-casein and kappa-casein and appear 
in most of the species characterized. In milk, they 
serve to sequester calcium with which they are 

25 aggregated in the form of micelles. The function of 
beta-lactoglobulin, the major whey protein in 
ruminants, is unknown, although it appears to interact 
with kappa-casein (Brunner, J. Dairy Sci. 64 1038-1054 
(1981)). Alpha-lactalbumin is an essential cof actor in 

30 the conversion of glucose and galactose to lactose 
(Brew, Nature 223. 671 -672 (1969)). Table 2 shows the 
protein composition of various milks. 
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TABLE 2 

Protein composition of Various Milks 




Alpha S1 
Alpha S2 
Beta 
Kappa 



MAJOR WHEY PROTEINS 

Alpha lactalbumin 
,,v ta lact °9lobulin 
Whey acidic protein 

OTHER WHEY PROTEINS 

Serum albumin 
Lysozyme 
Lactof errin 

Immunoglobul ins 



10 

3.4 
10 

3.9 



1 
3 

no 



12 

3.8 
16 

4.6 



0.8 
2.8 

no 



trace 
no 
2 




) 

) 0.4 

3 
1 



1 .6 

no 
no 



0.4 
0.4 
1 .4 
1.4 



25 



30 



For most part < <■ < c w„i • 

Proteins are enVo^ £\™ "° 

«* Ca y . in .. The eioche „ ( f^"" 
(Ml Sevier „ M3 , , 77 . 22s , * . '' °" ■ "ephaa 

* b. Un*., both , n . th . m - , : PPe :: 

appear to o. ex ;r , S! d '« a £ '"^ ""^ "™ 

Protein genes, it uou ,, n "..- ! h 

the casein 9 enes wo»i d be X "ll ' thOU9ht th " 

-- oe .he oenes of choice in which 
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to incorporate the foreign DMA for expression. 
However, contrary to the general expectation, the 
present invention provides that the DNA sequence coding 
for the peptide of interest be incorporated into a gene 
5 coding for a whey protein. 

The gene for rat alpha- lactalbumin comprises four exons 
and encompasses 2.5 kb of chromosomal DNA (Qasba and 
Safaya Nature 311 377-380 (1984)). The gene for bov<ne 

10 alpha-lactalbumin appears to be similarly organised 
It ,has now been discovered that ovine beta- 
lactoglobulin is most probably a single cooy gene and 
comprises seven exons within a 4.9 kb transcription 
unit: this gene is the gene of preference for use in 

15 the present invention. 



Changes in the levels of milk protein mRNAs during 
mammary development in the rat (Nakhasi and Qasba, J. 
Biol. Chem 254 60! 6-6025 (1979),, rabbit (Shuster et II 
20 Eur. J. Bicchem . 71 193-199 (1976), and mouse (Pauley 
et al Nature 275 455-457 (1978), haV e been assessed 
using both in vitro translation and cDNA hybridisation 
The mammary gland accumulates some 80,000 to 100,000 
molecules of milk protein-specific mRNAs resulting *- 0 m 
2 5 a coordinated mechanism comprising both a high rate o* 
milk protein mRNA synthesis and an efficient 
stabilisation of these molecules (Mercier and Gave, or, 
Cit^ and Guyette et al Cell 1 7 1013-1073 (1979,,. TheTe" 
are, however, exceptions. In the ewe beta-casein makes 
up 45% of the total milk protein, yet only 17% of cDNA 
clones isolated from a cDNA library corresponded to 
this gene (Mercier et al Biochimie 67 959-971 (1985,, 
In the rabbit, the amount of alpha-lactalbumin 
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sequestered into microsomal vesicles was much lower 
than that expected from the rate of protein synthesis 
in the absence of microsomal vesicles, possibly 
suggesting that the signal peptide does not have an 
5 optimal configuration (Gaye et al Biochimi* 64 173-184 
(1982)). The primary translation products of many of 
the milk protein genes are extensively modified. For 
example, alpha-lactalbumin is N-glycosylated, kappa- 
casein is O-glycosylated and alpha- and beta-casein are 
10 O-phosphorylated. In addition to its role in post- 
translational modification, the Golgi complex is also 
involved in condensing and packaging caseins into 
micelles. It is a possibility that the caseins and the 
whey proteins are exported from the cell by different 
15 routes. .In this regard it is of interest to note that, 
in both inter- and intra-specif ic comparisons, the 
casein signal peptide (in comparison to a large 
proportion of the rest of the molecules) is highly 
conserved, suggesting that it may play a role in 
targeting the nascent peptide into the correct 
secretory pathway (Mepham et al oo cit). As described 
above, milk protein genes are abundantly expressed in 
the lactating mammary gland. In the ewe, for example, 
alpha sl -casein mRNA accounts for about 30%, and beta- 
25 lactoglobulin accounts for about 5%, of polyA+RNA 
(Mercier et al ( 1 985) oo cit). Given that these 
transcripts originate from single copy genes, then 
these levels indicate high rates of transcription and 
efficient mRNA stabilisation (Teyssot and Houdebine, 
30 Eur. j. Biochem. 110 263-272 (1980)). Specific mRNA 
stabilisation may be mediated by sequences present in 
the mature mRNA. In preferred embodiments of the 
present invention, similar levels of expression of the 
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DNA sequence that is inserted into the ovine germ line 
may be achievable. This is accomplished by linking it 
to the DNA sequences associated with a milk whey 
protein gene that mediate the high levels of tissue- 
5 specific expression and mRNA stabilisation: beta- 
lactoglobulin is the gene of preference. 

Transferring new genes into mice is now a routine 
procedure. In transgenic mice that exhibit high levels 

10 of tissue specific expression of a foreign gene, the 
exogenous DNA comprises not only the structural gene 
but also the S 1 and 3' flanking sequences. Although 
there is an abundance of evidence suggesting that many 
important regulatory elements are located 5' to the 

15 mRNA cap site (see for example McKnight and Kingsbury, 
Science 217 316-324 (1982); Payvar et al Cell 35 381- 
392 (1 983 ); Renkawitz et al Cell 37 503-510 (1984 ); 
Karin et al Nature 308 51 3-518 ( 1 984 )) it is also 
evident that important regulatory sequences, 

2Q particularly those mediating t i s s u e - s p e c i f i c 
expression, may reside within the structural gene or 
even 3' to it (Charnay et al Cell 38 251 -263 (1984); 
Gillies et al Cell 33 717-728 (1983)). Furthermore 
exonic sequences (i.e. those present in mature mRNA) 

25 may contain sequences that mediate mRNA stability. 
Table 3 illustrates some details of tissue-specific 
expression of foreign genes in mice. 
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It is for the above reason that the above preferred 
of the that ^ t0 di " Ct the ^""ioa 

will comprise one or more of: a promoter; a start site 
5 for transcription; one or more (presumed, distal S' 
regui t ory sequences of a mil, protein gene; 

To I : 96116 SeqUenCeS? V SegUen « S a 
■ilk protein gene. The most preferred fusion genes 

comprise sequences of all these types 

10 

A fusion geneof choice „ tu consist of 

first ,xon of a „hey prot . in g , M- pr . terred 
,at several «, of the s . f J £™* 

15 «uU prot.m g .ne will b . ineludad in / " e 

9«n.. In these constructs, secretin „, 

^ — u», secretion of the peptide of 

interest. will preferably be mediated by its own c f 
Deptide* if « e *-k- * y own SJ -9nal 

I,, ' " " the " £ =--« Preferred that the fusion gene 

contain a sl?nal peptide £or ^ J-e 

20 However, a tissu.-, p . ei;ic signal p , ot ide Z ^ 

important for taropHn^ +u ' y be 

targeting the nascent oeptide ^ to 

*" ore ' xt particularly d-p'p-- 0 ^ 

sequences encoding the signal ^ ^ 

» Protein gene „ m b . pre=isel > - "* 

sequences of th*» i„ca,* a.u cne DNA 

amino acid of the m T -«cod ir the N-terminal 

• acid of the mature protein. The 3' end o« t*. 
-sert will preferably terminate afte- < stOD e \ 
but before its own " P °' 



30 



own message cleavanc* 
Pdyad.nvlation site. Do -nstr.a» of tl " 
insertion, the rest of the structural ° 
SeneraUv be stained, as well as sc. 

sequences. ranking 
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in a. transgenic animal, such a construct should 
nnrxiirtse the chances of obtaining high levels of 
mammary gland-specific expression. The primary 
transcript should be correctly polyadenylated and 
5 spliced at the sites retained in the whey protein gene. 
The mature message should contain sequences for 
efficxent stabilisation of mRNA. In constructs 
employing the mil, gene signal peptide, the mature mRNA 
should be translated to yield a fusion pre-peptide in 
0 whxch the signal peptide derived from the mil, prote , n 
,ene ef ficiently directs ^ ^ ^ P ^ 

peptide encoded by the cDNA insert. 

Ovine beta-lactoglobulin is, as discussed above the 
; whey protein gen. of choice with which to "entrain" 
=ONA coding for the peptide of interest. In sheep, 
beta-lactoglobulin is the most abundantly expressed 

'I/'""" in the »r »l.nd and its mKNA 

comprises about 8, of the total pclyA. RMA. The gene 
has been well characters and used to elaborate 

ZZ XT"?? 5 " ith C0NA SeqUSn " S *— » 

-actor IX and human alphal antitrypsin. 

According to a second asDec* of «-u A 

p c - of :he present invention 
-here is provided a g.„. t i C construct comprising , OKA 
sequence encoding a pep ti d e incorporated into a gene of 
a mammal coding, for a milk pratein .„ ^ 

that the DNA sequence is ,, , k y 

9 Und of the adult female maZ? " " "~ 

Acc rding to a third aspect cf the present invention, 
there is provided an animal cell including a genetic 
construct as described above. T!l . animal cell mav be an 
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embryo cell. 



According to a fourth aspect of the present invention, 
there is provided a plasmid comprising a genetic 
5 construct as described above. 

Preferred features of the second, third and fourth 
aspects are as described above for the first aspect, 
mutatis mutandis. 
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For the better understanding of the present invention, 
a number of examples will now be given. In the 
examples, reference will be made to the drawings in 
which: 

FIGURES 1 to 4 show schematically the basic steps in 
the elaboration of a beta-lactoglobulin fusion gene in 
a method in accordance with the present invention; 



20 FIGURE 5 shows a Southern blot analysis of sheep 



DNA; 



FIGURE 5a shows a Southern blot analysis of sheep DNA 
and illustrates the inheritance of the beta- 
lactoglobulin fusion gene by the real generation. 

FIGURE 6 shows an SDS-PAGE analysis of murine and ovine 
• whey proteins; and . 

FIGURE 7 shows a Western blot analysis of sheep and 
30 mouse proteins. 

FIGURE 8 shows a RIA of milk obtained from transgenic 
ewe-sheep carrying the beta-lactoglobulin fusion gene 
as described. 



WO 88/00239 



PCT/CB87/0O458 



10 



15 



22 

EXAMPLE 1 

A. RECOMBINANT DNA PROCEDURES 



Where not specifically detailed, recombinant DNA 
procedures were after Maniatis et al ("Molecular 
Cloning" Cold Spring Harbor (1982)) and "Methods in 
Enzymology" Vols 68, 100 and 101 (Wr, Grossman and 
Moldave, Eds.), Academic Press; and, unless 
specifically stated, all chemicals were purchased from 
BDH Chemicals Ltd, Poole, Dorset, England or the Sigma 
Chemical Company, Poole, Dorset, England. 

CONSTRUCTION OF OVTME H1? TA.-LACTOCT. nwrtLIN FUSTOM rrrwrc 
Preparation of Sheep Solemn nwt 



Spleen tissue was procured from a freshly slaughtered 
Blackface/Suffolk lamb and nuclei were isolated 
20 essentially as described by Burch and Weintraub Cell 33 
S5 (198.3). Nuclear pellets were lysed in 0.3M NaCl, 
10mM Tris.HCl, 1 OmM EDTA , 1% SDS pH 7.4 and 400 mcg/ml 
Proteinase K (Sigma Co, Fancy Road, Poole, Dorset 3H1 7 
7NH) and incubated for two hours at 37°C. Repeated 
25 Phenol/chloroform extractions were performed until the 
preparation was completely deproteinised. The DNA was 
. ethano.l precipitated and spooled out using a glass rod, 
washed with 70% EtOH/30% TE ( TE = 1 0mM Tris.HCl, 1 mM 
EDTA pH 8.0), dried in air and resuspended in TE to a 
30 concentration of 1 mg/ml. 
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The lambda pnage (t . risch 

"0 827 <„„„ was z J* «i a - Biol. 

library. 30 meg or L^^IT^T 

and BamH! (suppU . d ta^J"!**" en2in "« E£2" 

Lincoln Place, Gr .. n * " Int °«national pi e , 

Snglend, using the cotditl 

manufacturer. « ter e dige, 10n s by th . 

- to . concentrl ^ or hydr ""°^- 

lambda D N A. i£ter incuoation f0 on h P o r ;; iP "" e 
«*» -as pelleted at ,0,000, for *. ' !" °" l " 
microfuge. „ ashed in m EC0 ' H " ' """^ in » bench 
S "pelleted and f iM v " Ba,C ' a '« 2 . 

concentration o t 1 : g ; a " y i- T E 

Sheep DNA was partway dl 

enzyme Sau3 A (Amershaa,. , 00 mca " 6 """"ion 

OKA were digested with al lqU ots of the sheep 

.„ 19este<3 "i"> varying amounts of Sau 3i 
5-40 uni.ts) for 20 minutes at 37°c ^ ' ° m 

»=PP.d by the addition of EDTA to ", 5 ^ " 
Cicestion was assessed by ele— lit 8i 
•»•=».. *.ls. suitably drges-ed"";!--' °" °- 5 ' 

«d loaded onto 38.0ml lO^r.^;:" ? °° led 
in '« Naci, 20 mM Iris.HCl. 5mM ' V?" Up 

gradients were centrif ug.d i„™ ^V- * ' ' ° « ««• 
".000 rpm for 24 hours T u. * " rDt =-- a - 

-ctionated from the top ^Z^.™™ "« 
The si« distribution of o„A molecules"™ ch" :""^' 
"** by agarose gel ele---c=h '^'-^ 

fractions containing DNA mol.cu e 

-u ^ volumes 
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of EtOH were added and the DNA precipitated overnight 
at -20°C. The DNA was subsequently resuspended in T5 
to a concentration of 300 mcg/ml. 

5 7,5 meg of BamHI/EcoRI cut EMBL3 and 2.5 meg of sheep 
spleen DNA which had been partially digested with 
Sau 3A were mixed together in 50 mcl of a solution 
containing 60mM Tris.HCl, 6mM MgCl 2 , lOrnM DTT, 0.01% 
gelatin, 0.25mM rATP and 25 units of T 4 DNA ligase 

1 0 (Boehringer Company, Boehringer Mannheim House, Bell 
Lane, Lewes, East Sussex) and incubated overnight at 
14°C. 

After ligation 1 meg aliquots of the DNA were packaged 
15 in vitro using a kit purchased from Araersham following 
the recommended procedure of the manufacturer. The 
packaged library was titred on coli strain ED 8654. 
The estimated size of the library was 5.7 x 10 6 plaque 
forming units (pfu's). Immediately after titration, 
20 aliquots of the unamplified library were plated onto 10 
x 22,cm 2 petri dishes (megaplates) using E^ coli strain 
ED 8 6 54 at a density of approximately 50 , 000 
pfu 1 s/plate. 

2 5 Screening the Lambda Genomic Library 

-Plaque-lifts - from the mega-plates were performed 
according to the method of Benton and Davis (Science 
196 180 (1977)) onto 20cm 2 nitrocellulose membranes 
30 (Schleicher and Schull, Postfach 4, D-3354, West 
Germany). A beta-lactoglobulin cDNA clone (p931 - gift 
of J.C. Mercier, INRA, Jouey-en-Josas , Paris) was nick 
translated with 32 P dCTP to a specific activity > 10 s 
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dpm/ncg, by the method described by Rigby et al (J 
Mol. Biol. 113 237 (1977)) , ~ ~ — 

i'»/7jj. Beta-lactoglobulin cOna 

may be cloned as described by Mercier .* ,i 
Biochimie 67 959-971 (1985, The J ~ ~ " 

^ Th ® sequence of the d97i 

5 clone is given by Gave et al in p. ,. . P 

(1986). 1 * 22 ** ln SiSchiini. 58, 1097-1107 

Filters were prehybridised , hybrid!*.* * 
according to the method o, Haniatis et al 
10 «7 ,1978). The final wash was I. , "Jt" " 7^ ' ' 
i. 0.1SM „aci. 2aM EDTA, "o3« Trifle" il * oT 
Alters were blotted dry and spotted' vith £ 
orientate the. before exposure to X-ray t Z , 
chaining positively hybridising Dl 

spots picked using the steril* ki „ 

Pipette. The inLal CuT. " ' 

coli ED 865i _ n j : P"*"" U.-i were titred on E. 

177 It PU " d °"° ^»«ter Petri disheT 

ol'ates ^ ° f ™"*™^y "0/ P late. These 

,„ Plates were rescreened by the a -<.~.* ., 

above and indiv-„ a i = n . - , P-°cedures described 

buffer (phage buffed ^V"' ' - 0 " 1 °"' ?hi ' e " 
0-01% gelatin, p„ , /, TrlS - HC1 ' 1 H,« 2 , 



25 




30 



Confluent pla.es were ob-Ia,.- . b '"" i * 1 

Plating agar was scraped o f "< n-o ^ " P 

~n.o 10ml of phage buffer 



26 



and incubated overnight with a few drops of chloroform. 
The bacterial debris was pelleted by centrifugation at 
5000 rpm for five minutes and the phage stocks stored 
at 4°C. The stocks were titrated on coli ED 8654 to 
determine the pfu/ml. 

8 x 10 7 pfu's were absorbed onto 7 x 10 5 L coli cells 
in 10ml of 1 OmM MgS0 4 at 37°C. After 15 minutes, 2.5ml 
aliquots were added to 100ml L Broth/1 OmM MgS0 4 in a 
one litre flask. The bacterial suspension was shaken 
vigorously for several hours and the OD 54Q was 
monitored every hour. Lysis, as determined by a fall in 
the OD 540 , occurred after several hours. When 
complete, 0.2ml chloroform was added to each 100ml 
culture and the culture left at 4°C overnight. 

The bacterial debris was removed by centrifugation at 
1 0,000 rpm for 15 minutes. 10 mcg/ml RNAase A and 10 
mcg/ml DNAase I were added to the supernatant which was 
then incubated at 37°C for one hour. After this 
incubation NaCl was added to 40g/ litre and polyethylene 
glycol (PEG) to 10%. The preparation was cooled to 4°C 
and left for at least two hours to precipitate the 
phage. The phage pellet was pelleted at 10,000 rpm for 
15 minutes and resuspended in 16. 0ml of phage buffer. 
8.0ml of this suspension was layered upon a step 
gradient comprising 1.5ml 56% CsCi, 1.5ml 45% CsCl. and 
2.5jnl 31% CsCl (dissolved in phage buffer) in a 14.0ml 
ultracentrifuge tube. The step gradients were 
centrifuged at 35,000 rpm for 1.5 hours in a swing-out 
rotor at 20°C. The phage band was removed with a 
needle and syringe and, to complete the purification of 
the phage particles, a second step gradient 
centrifugation was performed. 
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Tc, Parit Phl? * Plrtlele * w * iU1 *«* *»f 0.11, 

».«. 1M Tris.HCl. , m „ EDTA pH 8 . 0 and then 
deproteinised by successive extraction, „ith pheno! and 

S H t n, t ; ,C! ad< " d '° * £iMl »-centrati=„ of 
addiV . Phi,e D " A P««*Pit.t^ by the 

addition of 2 volume, of EtOH. The DNA „a. pelleted bv 
c.ntrifuoation at ,0.000 rp n for 20 minute" " she d 
with 70% EtOH. 30* tt j • j „ s ' washed 

to a final T "* then res «pended in TZ 

to a final concentration fo 200-400 mcg/ml. 

0.5 meg aliguots of t-H© n^* 

. above were restricted * PrePar " i0nS d "=" bed 

and the product, of tT"' ?' rMtrteti " 

ana lys .d by eTect-ooho d ° Ub1 ' 
y ej - ect -°pnoresis on 0.6% and i* 

oI^TuT , °" the " «■ ««,f.r e" 

labelled d931 T l. 
o c = , , p ' The Procedure used was 

essentially as dese-iho* ,w 

= i't«-« w .„ 7 SC - lbed ab ° v * and the hybridised 
va-V.tv of I 6 ^ ™ m "°WY- ^ing a 

* h". 5 ' nd r6 3 5 T en2ymeS ^ SPeCifi = f«- 

-on.t- ! „ ° f P931 3 "friction maD was 

constructed in which the ^ 

be^a-ia-oainh , • 4Bd orienta ^°n of the 

-..oglcbunn gene(s, was determined, (see Figure 

The identity of the beta-lactoglobulin clones and the 

precise position of the 5' an n v * 

d«-«c*lv M nf , u 6ndS ° f the * ene were 

-ecly confxrmed by DNA sequencing. Using suitable 
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restriction sites 

.. etor , ? n v j:;z at :«;::; T cloned into 

carried out using the did- vectors - Sequencing was 




The strategy use d for elaba,.*- 

comprising b.t.-u ctoglobul ^\ b n 0 ;" ln ' .«« 
10 be expressed i n th. 1 ^"^ °* int «.st to 

Figure, , t0 4 J""" 1« °«lin.d in 

characterisation is a..^ «d 

involves insertion of the m „ strategy 

'5 the region of DHA CO rr esD T- °' int « e " int ° 

«gion of bet t T" ^ ^ *° 5 ' """^"ed 

"ansiated f rostral * ^ '"'^ 

-tain the secretory peptide oAhe Urge^;" 1 

■0 The subclone pSS-1 ta ~ 

«W ' by Xigating%h. ,7 k b C T=r C -" d " *" 
lambda phage SS -1 into J ^"452" fragment of 

had also been cut wit Sow T^.'^ ^ 

OK, transformed hav t „rb e en^ ;r„^e7T b St T 

> procedure nf » a ^u cora ?etent bv the 

-P-illin resistant clones" J ^ ^ 'T"' 
- prepared from them by the «... a , " d DNA 

In Fi3ure th. top arrow d.",„ th « „ • 

«tent .approximately kS) " " ori '"«ion and 

transcription unit „ * h * beta - la «oglobulin 

is the same thr u ghrt Sent M o W ;; hin ^ ' ^ ™* 

Jhout. More generally, i„ Figures 1 
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to 4, it should be noted that only relevant restriction 

rau ^ ShOWn * ° Pen bOX6S lambda 

EMBL3 arms; narrow open boxes represent pPoly; the 

narrow shaded box represents the target sequence to be 
5 expressed; l itles represent cloned sheep sequences 
corr o nding tQ fche beta . lactoglobuUn P « J» * 

f landing sequ.nces. 

PM-ltgn ... linearised by digestion „i- h th . 
,0 restriction endonucl.ase P^xx (Fi?ure 2) 

beta l. e «.„„i k u ^anslated mRNA sequences of 

0.01-0.04 units of V treated with 

rute'rirr/oc pho r"": 

intestinal phosphatase was i Mctiv . ted £ 

, 0 ^. IT - ^ "*"»l'="«o*o» extractions and 

20 precipitation. 

A .actor IX C»A done ps^cvi was procured fro. Or 
»• Brownie., Sir William Dunn School o- Pa-m J 

diversity of Oxford, Oxford. .... c ,= ~ ^":° lon - 

1:70. K ^ . • s c^cr.e contains a 

5 1=79 bp insert in a plasmid derived «~ m ^ 

***** 2 "' — - — v; o T ::: 

T 3 ;- Slte " f «« 'he presumed «,» s 

; : r" r ains che en "~ — ~ 

-ectorix (Anson «t al Embo J. 3, 10 S3-,0S0 ,,934,1. 

A Nhel-Hindm fragment, comprising ,553 b? of TaCo- 
-X sequences was excised and purified fro C he ZZ 
sequences by the ..thods described below. Th . Hindxil 
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and Nhe l ends of this were blunted using Klenow 
polymerase by the technique described by Maniatis et al 
("Molecular Cloning" Cold Spring Harbor (1982)) and the 
fragment ligated into PvuII restricted, phosphatased 
5 pSSItgSE (described above) to form pSS1 tgSE-Factor IX 
after transforming E,. coli DH-1 to ampicillin 
resistance. 

The Factor IX cDNA sequence is hereafter designated 
10 TARG, as can be seen in Figure 2. 

Plasmid DNA was prepared as described above and checked 
by digestion with suitable restriction enzymes. The 
plasmid DNA was digested with Sph I ♦ ScoR I , 

15 electrophoresed on a 1 % agarose gel containing 0.5 
mcg/ml ethidium bromide (Sigma). The relevant Sohl- 
EcoRI fragment was located by illumination with a UV 
lamp (Ultra-Violet Products, Inc., San Gabriel, 
California, USA). A piece of dialysis membrane was 

20 inserted in front of the band and the DNA subsequently 
electrophoresed onto the membrane. The DNA was eluted 
from the dialysis membrane and isolated by use of an 
"Elu-tip" [Schleicher and Schull, Postfach 4, D-3354, 
Dassel, W. Germany], employing the procedure 

25 recommended by the manufacturer. 

The plasmid pSSItgXS (Figure 3) was constructed by 
ligating the Xba l-Sall fragment cf lambda SS-1 into 
Xba l- Sal l digested pPoly. Clones were isolated and 
30 plasmid DNA prepared as previously described. Two DNA 
fragments were independently isolated from this plasmid 
or smaller subclones derived from it: a 10.5 kb Soh l 
(partial) Hin dlll fragment and a 1 .2 kb EcoRI-Hindlll 
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fragment (Figure 4,. These fragments were isolated by 
gel electrophoresis, as described above. 

The Sohl-Eco RI , Sohl-Hindlli, and the EcoRl-Hindlli 
5 fragments were lig ate d together in a P proxIm7t el ^" al 
ratxos and the DNA used to transform DH-1 PiltLHl 
(pSSItjXS-TMS) „ as prepared . s d „ eribed 
Rested with Xbal Ind ^ t0 e ■*» 

l.ctoglobulin fusion gene from the vector th 
10 fragment vas purified by gel elec-oth 

by the us. of an "zlu-tip" The "h f ° U ° Wed 

ottr ftrr e * tracted and — - 




20 



Collection of Fp^m.-.„, ^_ n _ 



rocedures w ere analogous to those desc-bed * Q - 
m Gordon and Ruddle in "M-fh^ • SC -' bed for ra «e 
Vol ioi (W M6th0dS in ^ymology" (1 983 ) 

iui (w, Grossman and Moldave > a ^ 

PP411 to pp432. } Academi = ?-'ess 
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S'^rrj- r - — 

— with progest! ^ * 

*«» 1 ,* ^ c ewes of proven 

-e^i^ty are treated f or 1 2 -1 6 days wit- *n»-J ? 
sponges "hat a ^ • -atravaginal 
= -/-.„ \ »»»»»--a ---h 60„, medrogproxy- 
es.e.one aoetate (Veromix. Upjohn Ltd . c-.llevl 
i5 " lnS {OUi = le .ti«»l.ti» g hormone [l.,.^ „ 
M».o„ soiution/e-e, is g ive n in , e q uai inlra! 
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muscular injections 28 hrs before the end of 
progrestagen treatment and at the time of sponge 
withdrawal. Ewes are allowed to mate several times at 
the oestrus that occurs 20-72 hrs after sponge removal. 
5 The ewes are observed for the onset of heat at 08.00, 
12.00, 16.00 and 20.00 hr daily. Embryos at the 1 to 4 
cell stages of development are recovered during surgery 
36-72 hrs after the onset of oestrus. 

10 Anaesthesia is induced by intravenous injection of 
thiopentone sodium [Intraval, May and Baker] and 
maintained by mixtures of oxygen and nitrous oxide in a 
semi-closed circuit system. Embryo recovery was 
carried out by the procedures of Hunter et al (J. 
Aoric. Sci. 46 143-149 (1955)). The reproductive trait 
is exposed through a raid-central incision and a nylon 
catheter inserted into the oviduct through the fimbria. 
Medium is introduced into the uterine lumen through a 
blunted 18-gauge needle and forced through the 
uterotubal junction and along the oviduct. The embryos 
are recovered in phosphate-buffered saline containing 
- energy sources and protein [Ovum Culture Medium, Flow 
Labs, Irvine, Scotland]. During storage and micro- 
injection of eggs this medium is supplemented with 20% 
25 foetal calf serum. 

Injection of DNA . ... 

DNA (1 to 2 mcg/ml) is injected into one pronucleus of 
30 single cell eggs or into one or more nuclei of 2 and 4 
cell eggs. The eggs are manipulated in a chamber 
filled with ovum culture medium. The chamber consists 
of a siliconised microscope slide with glass supports 
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(2S™ x 2a* x 3affl , paraUel fco the 

slide. A coverslip is counted on top of the supports 
the junctions being sealed with silicone grease The 
open ends of the chamber are *i i , * ■ J 
5 200 fluid (SOe „ (BDH .ZZlu 

Eggs to be injected are h.i* v 

9lass pipette ,„„ ' by ,U " ion on a »lu« 

i. i-j.ct.* tBto prcn^;:;";^;: r:, ire) - dna 

"icropipette draw f rom „ pm ° K 1 UIln » 4 

- Clar* riectromedica! /»' t fU "" nt 
,5 Pangbourne, Reading R58 J"'"""" 10 *<" 8 > 
Pun., .Campden -trum^^X^ "u T d' 

^□manipulators ^ Cr °- n " i ^ 1 "°» Ueuz «e=hanical 
,0 Street. / uten ;- - J""- ns trments) Lcd , „ p . rk 

the DNA to be injected . ' rai =--°P'P«te containing 
— 'to . 100 "-« - air-tight 

performed by application of pressure In:eC:ion is 

Successful injeetion is j £ «» syringe. 

25 of the pronuclei or l^ - 

incubated at room temperature *""* ' W * 

"-inutes to allow visible degenera-'on !. ° ! 30 

»«9enera.:on of damaged eggs. 

Embryo. Judged to have su-v<„.rt 
,0 transferred to un-mat.d rec^I are 
=V=les are synchronised with -hose . ""^ 
treatment with progestag Z T°" * 

are transferred to the o.duct^^ 
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-ottth.pip.tt... Dp to 4 embryo, ar. transferred to 

IttLZ': Th * * abryos **• di " rt °"«< th. 

Michel cUps. Eic „ ewe i3 giVM sntibiot . 

mcnei clips are removed 10-20 davs a ff or 
10 y after surgery. 

DeveloBHienf an d Grn»»h 

15 *up pl e/ent.r y Ty 

* turnips and concentratp*: 

provided as retired. o uring the third "o",, 0 " 

k ^ tu.iaon approaches the ewes 

are housed to facili'^f,, ewes 
aurinc ia^in,. Vision and assistance 



5 Analysis nf Transom,, r 



ambs 



30 



At least 2 weefcs after birth l0 .1 MBal „ of blQod n 
remold by venous puncture wi^ a •,„" , 
and collected in a h • h/Podermic syringe 

** ecceca in a heparinised -ub» 
K , , -uae. ON' A was preoared 

4..om blood samples as follows-- 30 m1 * , spared 

I nut " nPle for 

-»«.. on ice. The white Mood c.iis were s pun down 
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at 1500g for 10 minutes at 40°C 

Proteinase K was addl* . "" h-d ° nCe in SE - 

"i SOS and th pre Latiiri^t 1 f ° U ° Wed * ^ 
5 repeated ^l/e^^^^" - 4 

until the preparation T eXtraCtl ° ns performed 

1/30* voi of 0 3M v S ol COmPletely 

the aqueous phase T is °P-°Panol were added to 

-o^ut, r s :: ~: the dna ' - 

, 0 ln 7 °* and resuspended in TE. 

lOrneg altguots of th . preparation, 
"ith suitable restriction di 9 e "«<i 
electrophoresed on o.e. ls I" 
by Southern Blotting and n^! 
15 essentially as described. ° riaiSation "as performed 

Positively hybridi,i„ g aninals i. 

fusion g.ne .presumed to be i^earat """ i,Un ' 

Nation,, are aUowed t grow t m " * 
20 a" mated and, once lacta, • remal " 

th. substance of "te/est ,7' ^ '"'^ ^ 

— are ..ted and t h eA dT^h™.,' " d 
exogenous « seo.ences and that „ ik Vs 7b 
analysed for th. substance of int.r.^ SUb "<-»"r 

EXAMPLE ^ 

procedure of p Yaf „ n i fl - . 
™A sequence en. T " repCated < ««-Pt that the 

~Aa- si! 9 pol ^ e Pt^e of interest ( *„! 

* ™: pha, - anti: ™ - °^«d 

Keidelbe.-g, „e"' 0 ' Me! "-- h ° ; — 1. D. 6900 
comprising 294 " '! r ~" r - A S*3!-iU>I fragment 

bp of the insert [see Cilib.rto et a- 
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15 



20 



Cell 41 S31-540 (1985)) was excised, purified from this 
clone and cloned into the PvuII site of pSSItgSE by the 
methods described in Example 1 . 



EXAMPLE 3 



The procedure of Example 1 is repeated, except that 
instead of the plasmid pPoly, the plasmid pUCI 8 
(Pharmacia Ltd, Pharmacia House, Midsummer Boulevard, 
Milton Keynes", England) is used instead. 



EXAMPLE 4 



The procedure of Example 1 is repeated, except that 
instead of the plasmid pPoly, the plasmid pUCI 9 
(Pharmacia Ltd, Pharmacia House, Midsummer Boulevard, 
Milton Keynes", England) is used instead. 



EXAMPLE 5 

Generati on of Transgenic sh+m~ 
The 



Sall-Xbal fragment, excised from the plasmid 
pSS1tgXS-FIX (also designated pSSI tgXS-TARG, ' see 
25 Example 1), was injected into sheep eggs 
Approximately 200 copies/fertilised egg were injected. 
From 252 one cell eggs injected and reimplanted into 
- recipient ewes, 52 live lambs were" bom: Based on the 
analysis of DNA prepared from blood samoles four o' 
30 these animal were shown to carry the exogenous 
betalactoglobulin- Factor IX sequences (Table 4). 
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TABLE 4 



Summary of Transgenic Sheep. 



5 


LAMB No. 


SEX 


CONSTRUCT 


COPY No. 










( Approx) 




6LL225 


M 


BLG-FIX 


40 




6LL231 


F 


BLG-FIX 


10 


10 


6LL239 


M 


BLG-FIX 


1 




6LL240 


P 


BLG-FIX 


10 



All of the eggs were injected at the pronucleus 
stage and none were centrifuged. 
IS Copy numbers were determined by quantitative 

scanning densitometry. 

Figure 5 is a Southern blot analysis of the sheep DNA. 
Sheep DNA was prepared as described, digested with the 
20 restriction enzymes indicated, electrophoresed on a 
0.8% agarose gel and transferred to Hybond membrane 
(Amersham International, Little Chalfont, 3ucks, UK). 
The filter was probed with 32P labelled plasmid 
?SS1tgXS-FIX {lanes 1 - 7) and subsequently (after 
25 stripping the membranes) with plasmid p~3: (lanes 1' - 
7'). Copy controls of pSSItgXS-FIX were included on 
the gel where indicated. Lane 1, control (non- 
transgenic) sheep DNA; lanes 2 and 3 control DNA plus V 
and 5 copy equivalents of p5'G3T.T; lanes 4-7, DNA 
from transgenic sheep 6LL225, 6LL231, 6LL239 and 
6LL240. Each transgenic sheep yields Factor IX 
hybridising bands of 5.95 kb (EcoRIJ and 6.05 kb 
(BamHI), identical in size to those derived 



30 



from 
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BSB1 tgXS-FXX, showing that the 5' ends of the 
transgenes are intact. Significant hybridisation with 
sheep Factor IX was not observed. Hybridisation with 
P931 revealed the predicted 4.4 Jcb EcoRI and 2.1 Jcb 
5 BamHl fragments. Although the endogenous sheep 
betalactoglobulin genes contribute to the hybridisation 
m these bands, the increased intensity in samples from 
6LL225, 6LL231 and SLL240 indicate that these bands 
derive primarily from the injected betalactoglobulin- 
10 Factor IX fusion gene, confirming the integrity of the 
3 ends of the construct. Hindlll cleaved DNA: lane 1, 
12.1 u, purified Sall-xbal fragment excised from 
pSSItgXS-FIX; lanes 2-5 DNA from 6LL225, 6LL231 , 6LL239 
and 6LL240. The probe was p5«G3'CVl. The hybridising 
15 12.1 kb Hindlll fragment (6LL225, 6LL231 and 6LL240), 
identical in size with the injected fragment indicates 
a head to tail arrangement; the 15.6 kb fragment common 
to the same sheep indicates that head to head repeats 

,n Tr^ S ° PreS6nt * ^ data indiCate that in 3heeo 
20 6LL225, 6LL231 and 6LL240 the Sall-xbal fragment 

derived from pSSItgXS-FIX (the betalactoglobulin-Factor 
iX fUSi ° n gene) has integrated without detectable 
rearrangement in tandem arrays. m sheep 6LL239 the 
data is compatible with the integration of a single 
25 unrearranged copy of this fragment. 

EXAMPLE 6 

Transmissio n of Fae-^n*- ty e~ 

— — - ac -° . £ — IX Sequ ences to the Nex~ 

30 Generation - 

The male transgenic sheep 6LL225 from Example 5 
(carrying approximately 40 copies of the Sall-xbal 
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fragment prepared from pSS1 tgXS-FIX) was successfully 
mated: to a number of Finn-Dorset and East Friesland 
ewes. His progeny were analysed by Southern blotting 
of DNA prepared from blood samples using the human 
5 Factor IX plasmid probe p5'G3'CVI, as described. A 
Southern blot of this analysis on some of his progeny 
is shown in Figure 5a. Lanes numbered 
1,3,4,5,6,7,9,11,43,45,48 and 49, DNA from progeny of 
6LL225 (designated 7R1 , 7R3 etc - 7R49), lane c 211, 
10 DNA from control ( nontransgenic) sheep 6LL21 1 , lanes 5- 
211 and 1-211, DNA from sheep 6LL211 plus 5 and 1 copy 
equivalents of pSS1 tgXS-FIX. These data show that 
transgenic sheep 6LL225 has transmitted the Factor IX 
sequences to 6 out of 12 of his progeny and, therefore 
1S that these sequences have been incorporated into the 
germline. 



EXAMPLE 7 

20 Expression of the Gene Encoding Ovine Beta 
Lactoolobu lin in Transgenic Mice 

Transgenic mice were generated essentially by the 
techniques described in Gordon and Ruddle, in Methods 

25 in Enzymology Vol 101 (1983), (Eds. W u , Grossman and 
Moldave), Academic Press pp41 1-432. Several transgenic 
mice carrying the Sail fragment of the clone lambda SS- 
1 -(Fig. 3) were produced. One of these, B-Lac 7, a 
female was shown to carry 15-20 copies of the Sai l 

30 fragment. B-lac 7 was mated a --imber of times and 
produced a number of offspring which inherited the SS-I 
sequences. 
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Milk «, obtained from mice 8-12 days after the birth 
of a litter. Thl, „, s accomplished by Intra -peritoneal 
injection of 0.310 oxytocin (Sigma) » 7 mcl/g animal of 
Hypnorm/Hypnov.l (Pl.ekn.il, Vgt. j^. D . e 1Q , 983 
S P574), after having previously removed the pups for a 

the individual mammary gl.„ d by hind . „ 9 
collected in a 50 mcl capillary tube. 

10 The mouse mUk was diluted ,:5 in distilled water, 
centrifuged briefly in a bench centrifuge to def.t and 
-he easels precipitated by addition of 1K rci to a ' 
final p H of 4.6. After c.ntrif ugation in a bench 

- t" sT T T Pr0t8tnS ™" "°° V ° d - P««P"»t.d 
ll ! triehl = »«"= .eld and analysed by 
Poly.crylamide gel electrophoresis according to Laemmll 

' T iei (1970) - " i9m 6 sh =« « »• 

PAGE Analyse of Murine and Ovine whey Proteins. Lane 

'/ marker proteins • 7 n^^m^i 

tfhev . . P S ' 2 ' normal mou " whey; 3> sheep 

20 w ney/ 4, normal mouse whev 5 « i u 

whev o. * c, B-lac7 whey; 6, B-lac7 

wn.y 2,5 x 5,. The band corresponding to beta 
lactoglobuun in the marker trac* and in ovine whe 

be a-lactoglobulxn was used to detect Qvine 
3lo=h.« ««ern blotting (Burnett, Anal. 

9.1 electrophoresis. rigur, 7 . .ho.. ...«.„ a J 

Analysis. The Western blot was reacted with rabbit 
.nti-beta-l.cto 9l obulin serum and anti-rabbit !g 

, \ " *' n0r " al m ° USe " h ^ : 5 ' P«ifi- 

beta-Uctoglobulin; 6, coomassi. stained sheep wn.y 

(run m parallel)). P y 
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This analysis showed that large amounts of beta- 
lactoglobulin were secreted into mouse milk, indicating 
that SS-1 was being expressed at high levels in B-lac 
7. This clone presumably contains all the necessary 

5 sequences to ensure high levels of expression in the 
mamniary gland of a transgenic mouse and can thus be 
expected to function as efficiently, if not more so, in 
the homologous species ie in a transgenic sheep. 
Consequently, fusion genes derived from this clone can 

10 also be expected to express (efficiently) in the ovine 
mammary gland. 

EXAMPLE 8 

1 5 Expression of Human Factor IX in the Milk of Transgenic 
Ewes 

Two female sheep, 6LL231 and 6LL240 (each carrying 
approximately 10 copies of Sall-Xbal fragment prepared 

20 from pSS1 tgXS-FIX ) were successfully mated to East 
Friesland rams. After birth the lambs were allowed to 
suckle naturally for about two weeks to stimulate 
lactation. Milk (approximately 25 ml from each animal) 
was collected by hand into sterile plastic containers. 

2 5 Milk from a control ( nontransgenic ) lactating ewe was 
also collected. The samples were frozen at -20' C and 
delivered to the Scottish National Blood Transfusion 
S'ervice at the Royal Infirmary, Edinburgh, where 
radioimmunoassays (RIA's) for human Factor IX were 

30 performed. 

Transgenic and control milk were dialysed against 
distilled water overnight at 4°C and then f reeze-dried . 
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20 



25 



30 



Freeze-dried sample were resuspended in distilled water 
and then centrifuged to separate the cream and examined 
by RIA for the presence of human Factor IX as follows :- 

A standard curve, using normal human pooled plasma 
diluted in RIA buffer (50«nM Tris/HCl, 0.25% gelatin, 1% 
Tveen-20, 1 OrnM HC1, pH 7.2, was established using 
dilutions of 1/10 - 1/1280 (see Figure 8). i„ order to 
rule out any interference by milk in the assay, normal 
» pool plasma was similarly diluted in control milk, and 
a standard curve established. Dilutions of samples of 
freeze-dried milk from 6LL231 and 6LL240 were assayed 
Each tube in the RIA comprised the following:- 50 mcl 
RIA buffer, 50 mcl sample dilution, SO mcl rabbit 
polyclonal anti-Factor IX antibody (Dako-Patts , , at a 
1/30000 dilution and 50 mcl 1125 labelled Facfcor „ A 
control for maximum binding was set up comprising 100 
mcl RIA buffer, 50 mcl antibody and 50 mcl of 1125 
Factor IX. A control for non-specific binding was also 
set up comprising 150 mcl RIA buffer, 50 mcl 1125 
trace. 

After overnight incubation 50 mcl of Sepharose-S1 000 
conjugated with donkey anti-rabbit IgC was mixed in the 
tubes and the beads recovered by sucrose seoaration. 
.he RIA assay is sensitive to about 0.125 international 
u^ts (iu,/dl. Any sample containing Factor IX above 
th is level will inhibit maximum binding in the RIA. 

The % binding in the RIA was plotted against the 
reciprocal of the dilution factor for the following 
samples:- * 
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1 . Normal pool plasma 

2. Normal pool plasma plus milk 

3. Freeze dried milk samples from 6LL231 (T1 ) 

4. Freeze dried milk samples from 6LL240 (T2) 

5 

These results are shown in Figure 8. 

Milk from both 6LL231 (T1 ) and 6LL240 (T2) exhibited 
detectable levels of Factor IX at 2.5 iu/dl and 8.0 

10 iu/dl, respectively. No activity was detected in 
control milk at the level of sensitivity of the assay. 
These data show that transgenic ewes carrying the 
betalactoglobulin-f actor IX fusion gene (specifically 
the Sall-Xbal fragment derived f rom pSS1 tgXS-FIX (also 

15 generally designated pSSI tgXS-TARG) ) express this gene 
and secrete the human protein into the milk. This 
establishes a basis for the production of human 
proteins in this manner. 
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CLAIMS 



. A method of producing a substance comprisina a 
Polypeptide, the method comprisina i BM . om P riSi n« a 
5 sequence coding for the ™?" Slag inc «P°"ting a Dna 
oamg ror the polypeptide into a oene 

- ns = riPtt0M1 z;t::Lir «- — p..t. 

4. A method as claimed in claim 1 

5 * A method as e ia<^ 

as claimed m claim i , 

substmce =o* prising . pcl^eo^e . ' a h e "' 
protein. P ~ s a huma n blood 

25 6. A method as cla . med ■ ^ 

substance comprising a Ml '' wharria 

hormone. 9 P ol *P«?-id« i, a P ep tide 

7- A method as claimed in C 'a<-, , 
30 substance co.pri.ing a polvoe-^l ^ 

coagulation factor or a .ubuait "o"- Vll V * 
factor. * k °- a blood coagulation 
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8. A method as claimed in claim 1, wherein the 
substance comprising a polypeptide is an enzyme. 

9. A method of producing a substance which is the 
5 reaction product of an enzyme, the method comprising 

incorporating a DNA sequence coding for the enzyme into 
a gene of a mammal coding for a milk whey protein in 
such a way that the DNA sequence is expressed in the 
mammary gland of the adult female mammal, whereafter it 
1 0 catalyses the formation of the reaction product from 
one or more substrates of the enzyme. 

10. A method as claimed in claim 9, wherein the 
reaction product is recovered from milk of the adult 

15 female mammal. 

11. A method as claimed in claim 1 or 9 wherein the DNA 
sequence coding for the polypeptide is incorporated in 
vitro into a whey protein gene which is expressible in 

20 the mammary gland of an adult female mammal to form a 
fusion gene and the fusion gene is incorporated into 
the germline by injection into a fertilized egg or a 
cell of an embryo of the mammal, whereafter the 
injected fertilized egg or embryo is allowed to develop 

25 into an adult female mammal. 

12. A method as claimed in claim 11, wherein the 
injection is made into a nucleus of a two-cell embryo. 

30 13. A method as claimed in claim 11, wherein the linear 
molecules of DNA are injected in a pro-nucleus or a 
nucleus of the egg. 
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14. A method as claimed in claim 1 or 9, wherein the 
mammal is a domestic livestock mammal. 

15. A method as claimed in claim 14, wherein the mammal 
5 is selected from members of the family Suidae, members 

of the genus Ovis, members of the genus Caora . and 
members of the genus Bos . 

16. A method as claimed in claim 1 or 9, wherein the 
io mammal is a dairy sheep, 

17. A method as claimed in claim 1 or 9, wherein the 
whey protein gene encodes beta-lactoglobulin. 

15 18. A method as claimed in claim 11, where in the fusion 
gene comprises a promoter. 

19. A method as claimed in claim 11 oris, wherein the 
-usion gene comprises a start site for transcription. 

20. A method as claimed in claim 11 or IB, wherein the 
^usxon gene comprises one or more distal 5' regulatory 
sequences of a milk protein gene. 

21. A method as claimed in claim H or 18, wherein the 
* U ' l0a 96116 Com P- s « * structural mil* protein gene 
sequence optionally including internal regulato-v 
sequences. 



20 



25 



30 



22. A method as claimed in claxm 11 or 1 8 , wherein the 
-u.ion gene comprises a 3' sequence flanking a mil k 
protein gene. 
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21. A method as claimed in claim 11 or 18, wherein the 
fus-ion gene comprises a cDNA sequence coding for the 
peptide of interest inserted into the first exon of a 
gene encoding a milk protein. 

5 

24. A method as claimed in claim 11 or claim 18, 
wherein the fusion gene includes some of the 5' 
flanking sequences of a gene encoding a milk protein. 

10 2S. A method as claimed in claim 11 or claim 13, 
wherein the fusion gene contains a signal peptide for 
the peptide of interest. 

26. A method as claimed in claim 1 or 9 , wherein a 
15 sequence encoding a signal peptide of the milk whey 
protein gene is precisely fused to that portion of the 
DNA sequence that encodes the N-terminal amino acid of 
the mature polypeptide in the substance produced. 

20 27. A method as claimed in any one of claims' 1 or 9 
wherein the 3' end of the DNA sequence terminates 
after "its stop codon, but before its own polyA addition 



25 



site. 



30 



28. A method of producing a substance comprising a 
polypeptide substantially as herein described. 

29. A genetic construct comprising a DNA sequence 
encoding a polypeptide incorporated into a gene of a 
mammal tht codes for a milk whey P r=tein in such a wav 
that the DNA sequence is expressible in the mammary 
gland of the adult female mammal. 
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30. An animal cell including a genetic construct as 
claimed in claim 29. 

31. An animal cell as claimed in claim 30 which is an 
5 embryo cell. 

32. An animal whose genetic material includes a genetic 
construct as claimed in claim 29. 

10 33. A plasmid comprising a genetic construct as claimed 
in claim 29. 
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reciprocal of dilution of normal pool plasm4 
F/g.8. 



